Background: The food environment has been hypothesized to influence cardiovascular diseases such as hypertension and coronary heart disease. This study determines the relation between fast-food outlet density (FFD) and the individual risk for cardiovascular disease, among a nationwide Dutch sample. Methods: After linkage of three national registers, a cohort of 2,472,004 adults (!35 years), free from cardiovascular disease at January 1st 2009 and living at the same address for !15 years was constructed. Participants were followed for one year to determine incidence of cardiovascular disease, including coronary heart disease, stroke and heart failure. Street networkbased buffers of 500 m, 1000 m and 3000 m around residential addresses were calculated, while FFD was determined using a retail outlet database. Logistic regression analyses were conducted. Models were stratified by degree of urbanization and adjusted for age, sex, ethnicity, marital status, comorbidity, neighbourhood-level income and population density. Results: In urban areas, fully adjusted models indicated that the incidence of cardiovascular disease and coronary heart disease was significantly higher within 500 m buffers with one or more fast-food outlets as compared with areas with no fastfood outlets. An elevated FFD within 1000 m was associated with an significantly increased incidence of cardiovascular disease and coronary heart disease. Evidence was less pronounced for 3000 m buffers, or for stroke and heart-failure incidence. Conclusions: Elevated FFD in the urban residential environment ( 1000 m) was related to an increased incidence of cardiovascular heart disease and coronary heart disease. To better understand how FFD is associated with cardiovascular disease, future studies should account for a wider range of lifestyle and environmental confounders than was achieved in this study.
large scale, inexpensive and calorie-dense food production. 2, 3 These changes have influenced the population's food consumption, which has been hypothesized to affect the development of CVD. [4] [5] [6] The proposed environmental influence that shapes food consumption and, in succession, health aligns with socio-ecological theories. 7, 8 Food that is known as 'fast food' generally consists of processed meat and refined carbohydrates and is high in salt, saturated fat and calories. 9 Worldwide, fast-food availability has expanded rapidly. For example, the number of McDonalds outlets increased by almost 20% globally in the past decade (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . 10 Fast-food availability has also increased considerably in European countries over the past years. 11, 12 Several studies have investigated the link between fastfood availability and the prevalence of CVD or CVD risk factors. The findings are mixed, but that might be caused by different fast-food exposure assessments and CVD outcome measures. [13] [14] [15] [16] [17] [18] [19] Most studies determined fast-food outlet density (FFD) for crude predefined areas (e.g. census tract), rather than including measures representing the FFD around people's residential home. In addition, most studies determined CVD prevalence within the predefined area, rather than the incidence of CVD. [13] [14] [15] [16] [17] [18] Additionally, most studies did not account for the time that individuals were exposed to fast-food outlets within the studied area. [13] [14] [15] [16] [17] [18] [19] The aim of this study was to contribute to the literature by determining the relation between FFD and one year incidence of individual-level CVD among a nationwide sample in The Netherlands. This manuscript provides a novel contribution by addressing four key points. First, our study will provide a longitudinal perspective on the fast-food environment and CVD by including CVD incidence rather than prevalence, derived from a large population-wide cohort. Second, only individuals living at the same address for a long period of time were included in order to eliminate influences of prior residential environments for a substantial timeslot. Third, this study was unique in presenting the incidence of individual-level CVD and three subtypes (coronary heart disease (CHD), stroke and heart failure), providing more detail in the studied relations. Finally, instead of geometric buffers we applied more accurate street network buffers of different sizes around the home addresses of participants in both urban and rural areas. 20 
Methods

Study design
A one-year follow-up study among a nationwide sample in The Netherlands was conducted.
Datasets
Several Dutch national registers were linked: population register, hospital discharge register (HDR), national cause of death register (NCDR), regional income survey (RIS), and the Locatus database of business addresses. The population register contains information on all legally residing citizens in The Netherlands, including date of birth, sex, current and previous address, postal code and nationality. The HDR registers medical and administrative data for all admitted and day clinic patients visiting a Dutch hospital. The HDR contains information on patients' demographics, admission data and primary and secondary diagnoses at admission. The primary discharge diagnosis is determined at discharge and coded using the ninth version of the international classification of disease codes (ICD-9 codes). 21 The NCDR contains information on date of death and causes of death. The overall validity of these registers has been proven to be high. 22, 23 The RIS is a longitudinal survey primarily based on tax information that started in 1994 with a representative sample of over two million households in The Netherlands. This accounts for roughly one-third of the Dutch population and is corrected each year for migration, deceased residents and new-borns. 24 Locatus maintains a database with independently sourced retail information via annual on-site surveys from which typical outlets selling fast food were extracted over 2009 (fast-food outlets (#59.210.171); delivery/take-away outlets (#59.210.180); grillroom/kebab-outlets (#59.210.215)).
Cohort identification
To construct a cohort we selected everyone in the population register at January 1st 2009 aged 35 years and older, and living at the same address for at least 15 years. Next, we linked these individuals with the HDR using a personal identifier based on linkage variables 'sex', 'date of birth', '4-digits of postal code'. Approximately 85% of the entire Dutch population has a unique combination of date of birth, sex and postal code (i.e. occur only once in the registry and thus identify one person) and these were included. 22 All persons with a hospital admission for CVD since January 1st 1995 were excluded.
Outcome measures
Through linkage with the HDR and NCDR individuals were able to be tracked over time for incident CVD events (ICD-9 codes for CVD admissions and ICD-10 codes for CVD deaths in and outside the hospital provided in Supplementary Material Table 1 online) . One-year incident was defined as the number of first individual-level CVD hospital admissions or out of hospital deaths for CVD or CVD subtypes within one year after January 1st 2009.
Determinants
FFD -street-network buffer sizes. FFD was defined as the number of fast-food outlets within network buffers around an individual address. Three different street network buffer sizes around individuals' addresses were calculated using ArcGIS 10.1 (Esri, Redlands, CA, US) and included; 500 meter (m), 1000 m (both easily to walk 25 ) and 3000 m buffer sizes.
Neighbourhood-level income. Though the RIS, disposable household income was adjusted for the number of household members in the year before baseline. 24 Standardized disposable household income was divided into tertiles based on the average income per individual in the RIS (the first tertile representing the lowest income group and the third tertile the highest income group).
Comorbidity. Comorbidity was based on discharge diagnoses of previous hospital admissions up to five years prior to the index date of admission or day clinic visit with dementia. Comorbidity was defined using a modified Charlson comorbidity index (CCI), a valid and reliable method to measure comorbidity in clinical research. 26 The updated version of the CCI is based on 12 weighted discharge diagnoses (i.e. chronic pulmonary disease, diabetes mellitus). The CCI ranges from 0 to 24 points, zero points representing no comorbidity. Total scores per individual were subdivided into three groups: 0, 1-2 and !3.
Population density and degree of urbanization. By means of geospatial data available from Statistics Netherlands (www.cbs.nl), population density of individuals' residential environment was determined by five categories expressing the number of addresses per km 2 , ranging from 500 addresses to > 2500 addresses. Urban areas were classified as ! 1000 addresses per km 2 whereas rural areas were classified as < 1000 addresses per km 2 .
27
Ethics and privacy issues
All data linkages and analysis were performed in a secure environment of Statistics Netherlands and in agreement with the privacy legislation in The Netherlands. 28 Only anonymized records and data sets were involved. According to the regulations of the research complying with the Dutch law on Medical Research in Humans, approval by an ethics committee was not required for the present study.
Statistical analyses
Logistic regression analyses using IBM SPSS version 23.0 were conducted. The dependent variable was individual incidence of CVD (1 ¼ yes, 0 ¼ no) as well as incident CHD, stroke and heart failure (1 ¼ yes, 0 ¼ no), respectively. The independent variable was FFD within the three buffers. FFD was entered as a categorical variable with four levels for 500 m, 1000 m and 3000 m buffers. The cut-off values for FFD within each level was set in such way that a sufficient number of individuals remain in each level. The category with the lowest number of fast-food outlets served as reference group in all analyses. Analyses were stratified by the degree of urbanization. In addition to the base (unadjusted) model, subsequent models were adjusted for potential confounders. In the first model, outcomes were adjusted for age, sex, ethnicity, marital status, comorbidity and neighbourhood-level income. In the final complete model, additional adjustments were made for population density. 27 The threshold for significance was set at p < 0.05.
Results
Participant characteristics
Baseline characteristics are presented in Table 1 . In total, 2,472,004 individuals free of CVD as of January 1st 2009 and living at the same address for !15 years were included in the cohort. In total, 2.5% had an incident CVD event in 2009. About 87% of the population was native Dutch, 70% of the included population was married, approximately half of the participants were men (46%) and the majority of the population lived in urban areas (61%).
Fast-food density and CVD incidence
The relations between FFD and the incidence of overall CVD, CHD, stroke and heart failure are presented in Table 2 for urban areas and in Table 3 for rural areas. In all analyses there was a large difference between the base model, and especially model 1, in which we adjusted for age, sex, ethnicity, marital status, comorbidity and neighbourhood-level income. Further adjustment for population density (model 2) had limited effect on the outcomes.
Urban areas 500 m residential buffer. Fully adjusted models indicated that the incidence of CVD and CHD was higher in areas with one or more fast-food outlets compared with areas with no fast-food outlets. The incidence of stroke was only higher in areas with three or more fast-food outlets, whereas the incidence of heart failure was only higher in areas with two or more fastfood outlets 1000 m residential buffer. Fully adjusted models indicated that an elevated FFD was associated with a raised incidence of CVD and CHD. The analyses showed marginally higher incidence of CVD in areas with 2-4 fast-food outlets and !5 fast-food outlets. Statistically significant relations were found for areas with 2-4 fast-food outlets and areas with !5 outlets and CHD. These figures may insinuate a dose-response between FFD within the 1000 m residential buffer and the incident of individual-level CVD and CHD. For the incidence of heart failure, a statistically significant relation was found with !5 fast-food outlets. In contrast, an opposed direction was found for stroke. In areas with one fast-food outlet the incidence of stroke was lower than in areas without fast-food outlets within the residential buffer. 3000 m residential buffer. The relations were less pronounced when FFD was calculated for a wider area around the home address. Only a statistically significant higher CHD incidence was found in areas with the presence of 28 or more fast-food outlets.
Rural areas 500 m residential buffer. In comparison with urban areas, fully adjusted models indicated that the incidence of CHD was higher in areas with one or two fast-food outlets. The incidence of individual-level CHD dropped in areas with three or more fast-food outlets and became insignificant. Except that the incident of individual-level heart failure was higher in areas with three or more fast-food outlets, no statistically significant relations were found. 1000 m residential buffer. Fully adjusted models indicated that the incidence of CHD was only higher in areas with 2-4 fast-food outlets 3000 m residential buffer. Similar to urban areas, no statistically significant relations were found between the presence of fast-food outlets within the rural 3000 m residential buffers and the incidence of CVD or CVD subtypes in the fully adjusted models.
Discussion
This study showed that the incidence of CVD and CHD was higher among adults living in urban areas with elevated numbers of fast-food outlets within 1000 m of the residential address compared with individuals with no fast-food outlets in this area. In the 500 m buffer, the incidence of CVD and CHD was higher in areas with one or more fast-food outlets compared with areas with no fast-food outlets. Relations between FFD and CVD and subtypes in the 3000 m buffer were largely absent and less consistent. Relations were less pronounced in rural areas or for stroke and heart failure incidence. Effect sizes of the relationships were small to moderate in magnitude, but reflect the nationwide incidence of a population of more than two million adults. Our findings suggest urban FFD is potentially an important piece of the puzzle when understanding risk factors of CVD.
Relations between the fast-food environment and overall CVD were pronounced in urban areas, but not in rural areas. Speculating on the source of this difference, it is well understood that urbanization is associated with shifts in dietary patterns, expressed by an increase in the consumption of ultra-processed foods, saturated fat and added sugar, and a decrease in fibre intake. 29 Likewise, food intake among urban residents is shaped by the culture of commercial influences (e.g. that of fast-food outlets) or social influences (e.g. purchasing and eating behaviors in public space). 30 However, the difference may also be due to the fact that we were unable to correct for traditional cardiovascular risk behaviors such as smoking or being physical inactive, which are more pronounced among urban than among rural residents. 31 With respect to CVD subtypes, the outcome of our study, which indicates that FFD is related to the incidence of CHD within <1000 m buffers, is in contrast with previous findings. Although in a prior study similar directions were found of death per 10% increase in FFD (relative risks ¼ 1.39 (95% confidence interval (CI) ¼ 1.19-1.63)), this was not different in magnitude for non-cardiovascular mortality (relative risk ¼ 1.36 (95% CI ¼ 1.18-1.57)). Also the availability of fruit and vegetables was not associated with cardio-vascular mortality. Based on these findings, the authors question the role of the food environment in cardiovascular outcomes. 18 Unlike our study -where we corrected for neighbourhood-level income -the authors of another study corrected for individual-level income, which resulted in the mitigation of any statistically significant relationship between FFD and CHD. 19 Yet, although not the most apparent outcome of this study, the relation between the presence of !3 fast-food outlets within the 500 m buffer in urban areas and the incidence of stroke is comparable to the previous studies 15, 16 where elevated fast-food availability was associated with stroke risk. We found also an opposite relationship where the incidence of stroke was marginally but significantly lower in areas (1000 m) with one fast-food outlet than in urban areas without fast-food outlets. However, these studies used an area-level approach to determine fast-food exposure and are therefore less comparable to our study.
The present study had a number of strengths, such as the inclusion of a large nation-wide study sample, the use of individual-level health outcomes, the longitudinal perspective by using CVD incidence rather than prevalence as outcome measure, including CVD subtypes, the use of individual-level fast-food exposure of different sizes of street network buffers, the stratification for urban and rural areas and the inclusion of individuals living at the same address for at least 15 years that were followed for one year. However, some limitations should be considered. The most important limitation is that we could not adjust for all individual-level risk factors such as dietary intake, alcohol consumption or smoking behaviour. Yet, we were able to correct for neighbourhood income level, which is likely an important link between individual dietary and smoking behaviour and neighbourhood FFD. Moreover, we corrected for comorbidity including the diagnosis of diseases associated with dietary and smoking behaviour (e.g. diabetes type 2, chronic pulmonary disease, malignancy). Second, in the construction of the cohort we linked the different datasets (e.g. population register, HDR) by means of the personal identifier base including a unique combination of individual characteristics. Although this is a frequently used technique, we lack exact linkage, which may have resulted into non-differential misclassification of the exposure or outcome. Although this risk is smallapproximately 85% of the Dutch population has a unique combination of these characteristics -this should be taken into account when interpreting the results. Finally, we calculated FFD only for one time stamp (2009) and we acknowledge that this exposure may have changed gradually over time. Nevertheless, we expect that FFD changes over time were relatively similar for all participants in the cohort that lived at the same address for a minimum of 15 years.
In the future, studies should explore the relation between FFD and CVD incidence, accounting for a wider range of individual confounders than was achieved in the present study (e.g. smoking behaviour). Additionally, future studies could incorporate arealevel proxies for smoking behaviour if available (e.g. area-level chronic obstructive pulmonary disease) or account for individual control endpoints that are unlikely to relate to FFD (e.g. lung cancer). In addition, the relationship between FFD and the hypothesized underlying mechanism of fast-food exposure and CVD, fast-food consumption or overall dietary intake should be investigated.
Public policy makers should be aware of the likely impact of urban FFD on health, especially since the number of fast-food outlets is still increasing. The 2016 European Guidelines on cardiovascular disease of the Sixth Joint Task Force of the European Society of Cardiology recommend population-based approaches to diet in managing CVD prevention. These guidelines also include the recommendation to consider the regulation and density of fast-food outlets in community settings. 32 Already efforts banning fastfood facilities in residential or school environments have been proposed to improve public health. 33 
Conclusion
The study indicated that elevated FFD in the urban residential environment ( 1000 m) was associated with an increased incidence of CVD and CHD. To better understand how FFD is associated with CVD, future studies should account for a wider range of lifestyle and environmental confounders than was achieved in the present study.
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